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IMPROVEMENT OF WHEAT PROTEIN BY SUPPLEMENTATION WITH
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ABSTRACT: The supplementary effect of boiled potato on the protein guality of wheat at 10%
dietary protein level in weanling rats was studied. In the supplemented diet wheat supplied 75%,
50% and 25% protein while the rest was supplied by potato protein. The true protein digestibility
(TD), net protein utilization (NPU), biological value (BV) and net dictary protein calorie percent
(NDpCal%) of supplemented diets varied from 84 to 85%, 53 to 63%, 64 to 74% and 6.1 to 6.9%,
respectively. Highest protein quality was obtained when 50% of protein of the diet was derived
from each of the component. This mixture had 74% BV and was 30% higher than wheat (57%) and
18% higher than potato (63%) when each fed alone, TD of wheat protein was lowered by supple-
mentation. NDpCal% values indicate that supplemented diets can meet the protein requirement of

children and adults.
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INTRODUCTION

Among the various problems
emerging out as a consequence of rapid
population explosion, the problem of food
varticularly of good quality protein is
reaching critical proportion, affecting
most adversely the health and vitality of
the nation.

Cereals constitute main staple of the
Pakistani diet. According to the micro-
nutrient survey of Pakistan (Government
of Pakistan, 1978), wheat contributes 84%
of the total cereal intake and provides
51% and 60% of the total calories and
protein consumed, respectively. Wheat
protein lacks the balance of essential
amino acids required for its complete
biological utilization (Khan and Eggum,
1979). According to Khan (1981), the
order of limiting amino acids in wheat
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protein is lysine, threonine and valine.
Mixed human diets, breakfast cereals and
baby foods based on wheat are deficient
in lysine (Khan and Eggum, 1978, 19794,
b). The protein quality was lowered in
wheat varieties having higher content of
protein (Khan and Eggum, 19794, b,
Khan et al., 1987). On the other hand, the
protein content of potato is comparable,
on a dry basis, with that of the cereals.
The biological value of this protein, being
rich in lysine, is high (Khan and Hamid,
1986) and equals to that of egg protein
when fed as a sole source of protein 1o
man (Kofranyi et al., 1970). Some work
on the improvement of wheat protein by
supplementing with milk, fish, legumes
and leaf protein has been done (Khan and
Kissana, 1985; Khan et al., 1976a, b; 1977
and 19794, b, ¢). There is no information
available on the supplementary effect of
potato consumed in Pakistan, on the pro-
tein quality of wheat. In this paper the
effect of different levels of boiled pota-
toes on the protein quality of wheat as
measured in rat assay has been reported.
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MATERIALS AND METHODS

Wheat  ‘Pak-81" and  potato
‘Cardinal’ were procured from Wheat
Programme and Pak Swiss Potato Project,
National Agricultural Research Centre,
Islamabad, Wheat was ground to whole
flour by using Cyclotec.. mill. The pota-
toes were boiled in open pan for 45 min,
peeled, mashed, freeze dried and
analyzed. The experimental diets (Table
1) were prepared by mixing wheat and
potato flours with corn starch to calcu-
late protein levels of 10%. The experi-
mental diets were isocaloric and isoni-
trogenous and contained no added fat. A
protein free diet consisting of corn starch
58%, potato starch 10%, glucose 17%,
vitamin and mineral mix 5% and corn oil
10% was included to measure metabolic
faecal nitrogen. ;

Table 1. Composition of experimental
diets fed to albino rats

(%)

Ingredient Dicts

A B C D &
Wheat lour 829 62.2 415 207 .
Potato Nour - 22.1 442 .2 BE3
Curn starch 17.1 15.7 14.3 13.1 1.7
Tonal 100.0 100.0 100.0 100.0 100.0
Protein Distribution (%)
Wheat 100 75 50 25
Putato (boiled) - 25 50 75 100

The chemical composition of wheat
and potato flour diets was determined
according to standard method (AOAC,
1970). The caloric value was determined
in Ballistic Bomb Calorimeter.

Biological Evaluation

The experimental procedure has
been described by Khan and Munira
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(1978). Forty weanling albino rats,
weighing between 50 and 60 g were
grouped by randomised block design.
Each group consisted of four rats (male
and female) housed in a screen mesh
bottomed cage, a sheet of filter paper was
placed under each cage for the collection
of faeces. The experimenta! diets were
randomly assigned to these groups in such
a way that each diet was fed ad-libitum to
two groups of rats for ten days. Gains in
body weight were recorded daily.

At the end of experiment the rats
were killed with chloroform, Incisions
were made into skull, thoracic and
abdominal cavities and the carcasses of
each group were dried to a constant
weight at 105°C. Dried carcasses were
weighed and ground in an electric
grinder. The nitrogen content of diets,
faeces, and carcasses of each group was
determined by using kjeltec auto analyser.
Net protein utilisation was estimated
according 10 the method of Miller and
Bender (1955). True digestibility (TD)
and biological value (BV) were derived as
under:

Nitrogen intake - | Fuccal nitrogen - metabolic nitrogen)

TD (%) = — e T
Nirogen inlake
Net prodein utilisation
BY % = ittt
True digestibality
Net dietary protein calorie percent
(NDpCal%) of diets was calculated

according to Miller and Payne (1961).

RESULTS AND DISCUSSION

The average values for true protein
digestibility, net protein utilization, bio-
logical value and net dietary protein
calorie percent are discussed in following
text.
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True Protein Digestibility

The true digestibility (TD) of wheat
protein was highest (90%) and it
decreased significantly (P = 0.04) by
supplementation with all levels of potato
protein (Table 2). The TD of supple-
mented diets ranged from 84% to 85%.
The average TD of boiled potato was
85%. The true protein digestibility of
freeze dried boiled potato is 85% which is
in agreement with the values (82.8-90.8)
obtained 'by Eppendorfer et al. (1979).
Similarly, a value of 80% for TD of boiled
potato has been reported by Khan et al.
(1980). The low TD of potato protein as
 compared to wheat, observed in the pre-
sent study, may be attributed to the poor
digestibility of potato starch. Dreher et al.
(1984) noted that the inferiority of potato
starch to cereal starch with respect to its
effect on protein utilization. More infor-
mation is required about the degree of
potato protein digestibility, either alone
or in mixed diets.

Net Protein Utilisation

Net protein utilization (NPU)
increased from 51% in wheat based diets
to 55%, 63% and 53%, respectively, in
diets supplemented with 25%, 50% and
75% potato protein (Table 2). The NPU
of diet containing 100% protein from
potato was 54%. The NPU of the diet
containing 50% from potato was the

highest and this value was highly signifi-
cantly different (P = 0.003) ‘when
compared to that of the wheat flour. Such
diet presumably supplies all the essential
amino acids. The low NPU of diets con-
taining 100% and 75% protein from
wheat is possibly due to the fact that
lysine is the main limiting amino acid in
these diets. A significant positive correla-
tion (r = 0.92) between available lysine
and NPU of proteins with lysine as limit-
ing amino acid has been reported (Khan,
1982). Similarly methionine may become
the limiting amino acid when 75% to
100% of dietary protein are provided by
boiled potato resulting in low NPU of the
diets. Khan et al. (1979b) showed a posi-
tive correlation (r = 0.97) between BV
and total sulphur containing amino acids.

Biological Value ' -

The biological value (BV) of wheat
and potato protein was 57% and 63%,
respectively. The BV of diets increased to
65%, 74% and 64% when wheat and
potato protein were mixed in 75 : 25, 50 :
50 and 25 : 75, respectively (Table 2). The
BV of all the composite mixture was sig-
nificantly ( P = 0.002) different from that
of wheat. The BV of the diet containing
50% protein from each component, pre-
sumably supplying all the essential amino
acids, is 30% higher than the diet based
on wheat and 18% higher than the diet

Table 2. Supplementary effect of potato on the protein quality of wheat

Variable Wheat flour  Wheat flour  Wheat flour  Wheat flour Potato
potato potato potato
Protein distribution (%) 100 75:25 50:50 25:75 100

True protein digestibility (%) 90 + 2.00 85 + 1.0 85 + 0.57 84 + 2.64 85 + 0.57
Net protein utilization (%) 51+ 208 55 + 1.26 63 + 2.58 53 + 269 54 + 1381
Biological value (%) 57T+ 120 65 + 0.73 74 + 3.01 64 + 1.17 63 + 1571
Net dictary protein calorie(%) 6.1 + 0.25 6.5 + 0.14 69 1+ 0.30 6.1 + 0.31 6.5 + 1.69
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containing 100% protein from potato.
The BV of potato (63%) in the present
study is higher than that of wheat which
confirms that potato protein has a better
essential amino acids composition than
wheat protein (WHO, 1985). The protein
scores of six potato varieties anlaysed by
Kaldy and Markakis (1972) varied from
60 to 78, on the basis of the sulfur-con-
taining amino acids. Lopez de Romana et
al. (1981) confirmed that potato protein
had an adequate ratio of total essential
amino acids to total amino acids and a
balance among individual essential amino
acid concentration to meet the needs of
infant and small children.

The present results are in line with
the findings of Roy et al. (1963) who
demonstrated that potato can supplement
cereal protein. It is evident from the
present study that maximum protein value
is obtained when 50% of the protein in
diet is derived from wheat and 50% from
boiled potato. These figures correspond
to 42 g of wheat flour and 44 g of freeze
dried boiled potato with a 1 : 1 ratio.
Similar results in a mixture of wheat and
lenul have been reported (Khan et al,
1979b).

Net Dietary Protein Calorie Percent

The net dietary protein calorie per-
cent (NDpCal%) of diets based on wheat
and potato was 6.1 and 6.5, respectively.
The NDpCal% of diets supplemented
with different levels of potato ranged
between 6.1 and 6.9, however, the
NDpCal of the wheat and potato com-
posite (50 : 50) was significantly (P =
0.025) ditferent from that of wheat flour.

According to FAO (1965), the pro-
tein allowances for different age groups in
terms of NDpCal% are 8.0, 7.8, 5.9, 8.4,
4.6 and 9.5 for infant, toddler, child (4-9
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years), adolescents, adult and lactating
mothers, respectively.

It is of interest that the protein
value of breast milk, expressed in the
same units is also in the region of 8%. All
supplemented diets in the present study
have NDpCal% between 6.1 and 6.9 and
can meet the protein requirements of
children (4-9 years) and adults only,
Similar results in combinations of boiled
rice and cooked lentil and wheat and
cooked lentils have been reported (Khan
and Eggum, 1978; Khan et al.,, 1979a, b,
c¢). The present findings agree well with
work done in human nitrogen balance
experiments with potato. Lopez de
Romana et al. (1980) demonstrated that
potatoes can meet the daily requirement
for protein and a substantial part of that
for energy of young children recovering
from malnutrition. Similarly human adults
were maintained in nitrogen equilibrium
and good health on diets in which all the
nitrogen was supplied by potatoes (Knorr,
1978).

In conclusion, potatoes are useful
source of protein, especially if large
amounts are eaten. In combinations with
other foods, potato can supplement diets
which are limiting in lysine. In Pakistan,
potatoes are rarely consumed as the sole
source of nitrogen in the diets of either
adults or children, but they are commonly
consumed either alone as potato chips,
french fries ete. or in meat based or
vegetable based dishes, with wheat
chapati or boiled rice. Potatoes either in
freshly boiled state or after processing
and mixed with other foods or made
denser calorically through the addition of
oils should be encouraged as weaning
food for infants. In search for higher
yielding varieties, maintenance of protein
level in potatoes should not be
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overlooked by plant breeders. The pro-
cessing and keeping quality should be
improved by increasing the total sohid
contents and reducing the level of tyrosi-
nase enzyme, responsible for the blacke-
ning of potato during storage and before
or after cooking without aftecting the
normal nutritional composition or texture
of the potato. There is also a need to
encourage the production of potatoes to
ease the pressure on wheat consumption
in the country.
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